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© Reaction vessel. 

© A sample inlet channel (5) of suitable cross- 
sectional area for aspirating a sample into the inte- 
rior of the vessel by capillarity, a recess (4) provided 
on the inner wall of the sample inlet channel (5), and 
a transparent plate (3) with a flat surface arranged 
opposite the recess (4) are contained. The recess (4) 
should have suitable sloping walls, and may for' 
example have a conical or hemispherical form. The 
recess (4) may moreover be a V-shaped or U- 
shaped groove. Further, the inner waJI of the recess 
(4) may be coated with antibodies or antigens. 
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REACTION VESSEL 



This invention concerns a reaction vessel for 
carrying out agglutination reactions, and in particu- 
lar, a reaction vessel used for hemanalysis involv- 
ing immunological antigen-antibody reactions. 

Conventional reaction vessels used for detec- 
tions by using immunological agglutination reac- 
tions are, for example, of the type disclosed in US 
Patent No. 4,303,616. These reaction vessels are 
usually referred to by the generic name of micro- 
plates. 

One detection method using this kind of reac- 
tion vessel is particle agglutination method where- 
by antigens or antibodies in the sample are de- 
tected based on an immunological agglutination 
reaction. In this method, a specific marker particle 
is used, and antigens or antibodies which con- 
jugate specifically to the substance being mea- 
sured are coated on the surface of the particle. To 
detect viruses in blood, for example, a man-made 
marker particle on which the antibodies against for 
the virus are coated is used. The method is carried 
out using said reaction vessel as follows. First, said 
marker particles are mixed with the sample in the 
reaction vessel, an immunological reaction takes 
place with the antigens or antibodies in the sample, 
and the marker particles collect on one of the walls 
(for example the bottom) of the reaction vessel. 
The particles collected on the wall of the vessel 
however have a different distribution pattern de- 
pending on whether there was or was not an im- 
munological reaction with the substance being 
measured in the sample. It is therefore possible to 
determine a positive or negative reaction for the 
substance from the distribution pattern of marker 
particles on the wall of the vessel. 

Another method, the mixed agglutination meth- 
od, was reported by A.S. Wiener and M.F. Herman. 
This method was subsequently improved in stages 
so that it could even determine blood group. To 
determine blood group, for example, the following 
procedure is carried out using said reaction vessel. 
First, suitable quantities of a fixed concentration of 
red blood cells and a fixed dilution of serum are 
mixed in the reaction vessel, and allowed to stand 
for a certain time. As in the method described 
above, the distribution pattern of sedimented red 
blood cells is different according to whether there 
was or was not an immunological reaction between 
antigens on the red blood cells, and antibodies in 
the serum. It is therefore possible to determine a 
positive or negative reaction from the distribution 
pattern of sedimented red blood ceils. 

In the reaction vessel described in US Patent 
No. 4,303,616, however, at least about 50 ft I of 
liquid is required to form a stable and accurate 



distribution pattern. If the quantity of liquid is less 
than 50 pi. the sedimentation of particles is dis- 
turbed and to be irregular due to surface tension, 
and the distribution pattern does not form correctly. 

s For this reason, the depth of reaction solution in 
this reaction vessel requires no less than 3 mm. It 
is moreover for this reason that the distribution 
pattern takes a long time to form. In other words, 
the particles such as red blood cells which form 

70 the distribution pattern have to move over a consid- 
erable distance, and as a result, the time required 
to form the pattern is long. 

The above problem, namely that the distribu- 
tion pattern is not formed correctly when the quan- 

/5 tity of liquid is too small, can be overcome to some 
extent by making the internal diameter of the reac- 
tion vessel smaller. In this case, however, the sur- 
face tension between the reaction solution and the 
walls of the reaction vessel comes into play, and 

20 the liquid surface again sinks or rises irregularly. 
The result is that it becomes difficult to measure 
the distribution pattern which is formed accurately. 

Further, if the internal diameter of the vessel is 
made smaller so that the quantity of liquid be- 

25 comes smaller, the time required to form the dis- 
tribution pattern is shorter, but the problem then 
arises that it is necessary to handle minute quan- 
tities of reagent. In particular, when the quantity of 
liquid is no greater than 5 ^1. it becomes ex- 

30 tremely difficult technically to pipette reagents ac- 
curately with high reproducibility. 

This invention aims to provide a reaction vessel 
for agglutination reactions, wherein an accurate dis- 
tribution pattern of sedimented particles is formed 

35 in a short time, and the distribution pattern ob- 
tained can be determined accurately. 

Said objectives are achieved by a reaction 
vessel provided with a sample inlet channel of 
cross-sectional area suitable for aspirating the sam- 

40 pie into the interior of the reaction vessel by capil- 
larity, a recess arranged on the inner wall of said 
inlet channel, and a transparent plate with a flat 
surface opposite said recess. 

Said sample inlet channel generally comprises 

45 a lower plate in which said recess is formed, a 
transparent plate arranged such that its flat surface 
faces the recess on the lower plate, and spacers 
inserted between said lower plate and said trans- 
parent plate. 

so In the reaction vessel according to this inven- 
tion, the sample is introduced by means of capil- 
larity. From the opening of the sample inlet chan- 
nel, the sample moves under capillarity to reach 
the recess on the inner wall of the channel, and for 
this reason, the cross-sectional area of the sample 
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inlet channel must be suitable for aspirating the 
sample into the interior of the vessel by capillarity. 
The cross-sectional area varies according to the 
sample being measured, but if the sample consists 
of blood components, it is preferably 0.2 - 5 mm 2 . 

The occurrence or non-occurrence of an agglu- 
tination reaction is observed in the recess on the 
inner wall of the sample inlet channel through the 
transparent plate opposite the recess. This recess 
may take several forms. It may, for example, be 
conical or hemispherical, or it may be a groove of 
V-shaped or U-shaped cross section. There may 
also be several recesses in the sample inlet chan- 
nel. 

This invention can be more fully understood 
from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

Fig. 1A is a perspective view showing one em- 
bodiment of the reaction vessel according to 
invention; 

Fig. 1B is a plan view seen from direction M1 of 
the reaction vessel shown in Fig. 1A; 
Fig. 1C is a cross-section through N1 of the 
reaction vessel shown in Rg. 1 B; 
Fig. 2A is a sediment particle distribution pattern 
obtained when there was an agglutination reac- 
tion in an agglutination test carried out using the 
reaction vessel shown in Figs. 1 A - 1 C; 
Rg. 2B is a sediment particle distribution pattern 
obtained when there was no agglutination reac- 
tion in an agglutination test carried out using the 
reaction vessel shown in Rgs. 1 A - 1C; 
Rg. 3 A is a perspective view of a modification 
with a different shape of spacer; 
Fig. 3B is a plan view of the reaction vessel 
shown in Rg. 3A; 

Rg. 4A is a perspective view of another modi- 
fication with a different shape of spacer; 
Rg. 4B is a plan view of the reaction vessel 
shown in Fig. 4A; 

Rg. 5 A is a perspective view of a modification 
having a groove instead of a recess; 
* Rg. 5B is a plan view seen from direction M2 of 
the reaction vessel shown in Rg. 5A; 
Rg. 5C is a plan view seen from direction N2 of 
the reaction vessel shown in Fig. 5 A; 
Rg. 6A is a sediment particle distribution pattern 
obtained when there was an agglutination reac- 
tion in an agglutination test carried out using the 
reaction vessel shown in Rgs. 5A - 5C; 
Rg. 6B is a sediment particle distribution pattern 
obtained when there was no agglutination reac- 
tion in an agglutination test carried out using the 
reaction vessel shown in Rgs. 5A - 5C; 
Rg. 7A is a perspective view of another modi- 
fication with a groove instead of a recess; 
Rg. 7B is a plan view of the reaction vessel 



shown in Rg. 7A; 

Fig. 7C is a cross-section of the reaction vessel 
shown in Rg. 7A; 

Rg. 8A is a plan view of another modification 
5 with a groove instead of a recess; 

Rg. 8B is a plan view of the reaction vessel 
shown in Fig. 8A; 

Rg. 8C is a cross-section of the reaction vessel 
shown in Rg. 8A; 
10 Rg. 9A is a plan view of a further modification 
with a groove instead of a recess; 
Rg. 9B is a plan view of the reaction vessel 
shown in Rg. 9A; 

Rg. 9C is a cross-section of the reaction vessel 

15 shown in Rg. 9A; 

Fig. 1 0A is a perspective view of another modi- 
fication with a groove extending rectangularly to 
the sample inlet channel; 
Rg. 1 0B is a plan view of the reaction vessel 

20 shown in Rg. 10A; 

Rg. 10C is a cross-section through N3 of the 
reaction vessel shown in Rg. 10B; 
Rg. 11 is a view showing a process in an 
agglutination test using the reaction vessel 

25 shown in Rgs. 1 A - 1 C; 

Rg. 12 is a view showing another process in an 
agglutination test using the reaction vessel 
shown in Figs. 1A - 1C. 

As described above, in the reaction vessel of 
30 this invention, there is a flat wall opposite the 
sample inlet channel above the recess at a very 
small distance away which can be covered by 
capillarity. The depth of sample in the recess, 
which is where the measurement is made, is limit- 
as ed by the opposite wall and is very shallow. The 
distance over which the sedimented particles move 
is therefore very much reduced, and the distribu- 
tion pattern is formed in a short time. Further, as 
the liquid surface of the sample is in contact with 
40 the flat opposite wall, the liquid surface is kept fiat, 
and there is no disturbance of the distribution pat- 
tern of the particles. Moreover, as the liquid surface 
of the sample can be kept flat, the recess can be 
made very small so the the distance over which the 
45 sedimented particles move can be reduced even 
further. 

Further, the sample may be introduced by 
means of capillarity, for example, by dropping it 
into the opening of the sample inlet channel. In this 
50 case, the quantity of liquid in the recess is always 
constant regardless of the quantity dropped in. It is 
not therefore especially necessary to pipette small 
quantities precisely. 

We shall now describe one embodiment of 
55 reaction vessel in this invention with reference to 
the drawings. 

Rg. 1A is a perspective view of the reaction 
vessel according to this invention; Rg. 1 B is a plan 
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view from the direction M1 of the reaction vessel 
shown in Fig. 1A; and Fig. 1C is cross-section 
through N1 of the reaction vessel shown in Fig. 1A 
and Fig. 1B. As can be seen from these figures, 
the lower plate 1 and upper plate 3 are arranged 
substantially parallel on either side of 2 spacers 2. 
Lower plate 1 and upper plate 3 are both made of 
transparent parts, and a recess of conical shape is 
provided in lower plate 1. Part 5 surrounded by 
lower plate 1 , upper plate 3 and the 2 spacers 2 is 
a sample inlet channel for introducing the sample, 
and it is also the reaction zone where the agglu- 
tination reaction takes place. The 2 sides where the 
spacers are not inserted constitute the sample inlet 
port 11, into which the sample is either injected or 
aspirated. 

In this reaction vessel, it is preferable that the 
thickness of the spacers 2, i.e., the distance be- 
tween lower plate 1 and upper plate 3, is 0.05 - 1.0 
mm, and that the distance between the spacers 2 
is 0.1 - 5.0 mm. Further, it is preferable that the 
diameter of the conical recess 4 on lower plate 1 is 
0.1 - 1.0 mm, that its depth is 0.02 - 1.0 mm, and 
that the angle made by 2 generators of conical 
recess 4 shown in Fig. 1C is 60 - 160* . 

This reaction vessel may be used to establish 
whether an agglutination reaction has or has not 
occurred. In the case where, for example, this 
reaction vessel is used to determine the occur- 
rence of a reaction between blood cells and anti- 
bodies in serum, the following procedure is carried 
out. 

First, a fixed concentration of a blood cell sus- 
pension and a fixed dilution of serum are mixed in 
a test tube. The mixture is then aspirated by a 
pipette, and a suitable quantity is dropped to sam- 
ple inlet port 1 1 . The mixed solution dropped then 
spreads by capillarity throughout the reaction zone 
5. The reaction vessel is allowed to stand undistur- 
bed for a certain time, and blood cells sediment 
out on lower plate 1 of reaction zone 5. The dis- 
tribution pattern of cells formed in conical recess 4 
differs according to whether an antigen-antibody 
reaction has or has not occurred, and it is therefore 
possible to verify the occurrence of this reaction. If 
the blood cells agglutinated due to an antigen- 
antibody reaction, the cells form a positive pattern 
8 wherein they are spread uniformly on the sloping 
walls and bottom of recess 4, as shown in Fig. 2A. 
If on the other hand no reaction occurred and the 
blood cells did not agglutinate, the cells slide down 
the sloping walls of recess 4 to form a negative 
pattern 9 wherein they are concentrated in the 
center of the cone, as shown in Fig. 2B. 

On the flat area 10 outside recess 4 of reaction 
zone 5, the cells sediment uniformly, and the con- 
centration of the blood suspension used in the 
reaction can therefore be measured. The cell dis- 



tribution pattern can also be corrected based on 
this blood cell concentration. 

Concentric grooves may be provided on the 
side walls of conical recess 4 as disclosed in 

5 Japanese Patent Application No. 54-77643, but if 
recess 4 is sufficiently small, there is no particular 
need for such grooves. The meaning of 
"sufficiently small" in this context is that the diam- 
eter of recess 4 is within several hundred times the 

ro particle diameter, and if the particles are red blood 
cells, this corresponds to a diameter within approxi- 
mately 400 /<m. 

If recess 4 is made small in order to form the 
distribution pattern in a short time, the pattern will 

75 also be small and difficult to observe with the 
naked eye. In this case, the pattern may be ob- 
served magnified with the aid of a lens or other 
device. 

In the reaction vessel shown in Figs. 1A - 1C, 
20 rectangular spacers may be used. The shape of 
the spacers is however not limited to rectangular, 
and spacers such as a spacer 6 or 7 having the 
shapes shown in Figs. 3A - 4B may also be used. 
Using spacers of this shape widens the sample 
25 inlet port so that pipetting of sample becomes 
easier. 

The shape of recess 4 on lower plate 1 of the 
reaction vessel is moreover not limited to conical, 
and any shape may be used provided the sloping 
30 walls of the recess have a suitable angle of slope. 
An example of another possible shape is hemi- 
spherical. 

Further, as shown in Figs. 5A - 5C, a V-shaped 
groove 51 may be provided instead of recess 4. 

as with this type of reaction vessel, the pipetting of 
blood cell suspensions is particularly easy. 

The occurrence or non-occurrence of an agglu- 
tination reaction may also be established in the 
reaction vessel shown in Rgs. 5A - 5C by the 

40 same method as is used with the reaction vessel 
shown in Figs. 1A - 1C. If a test is carried out to 
establish the occurrence or non-occurrence of a 
reaction of blood cells with antibodies in serum by 
the method described above, for example, a dis- 

45 tribution pattern shown in Fig. 6A or 6B is obtained 
depending on whether the reaction took place. Rg. 
6A is a drawing of a positive pattern 61 in the case 
where the particles agglutinated due particles are 
spread over the whole of the sloping surface of V- 

so shaped groove 51. Rg. 6B is a drawing of a nega- 
tive pattern 62 in the case where an antigen-anti- 
body reaction did not occur, wherein almost all the 
blood cells have collected in the bottom of V- 
shaped groove 51. Further, the sedimented par- 

55 tides 63 on lower plate 1 outside V-shaped groove 
51 are uniformly distributed in both cases. 

In addition to the reaction vessel shown in Rgs. 
5A - 5C, the reaction vessel with a V-shaped 
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groove on lower plate 1 may also be of the type 
shown In Figs. 7A - 10C. 

The reaction vessel shown in Figs. 7A - 7C is 
same as that in Figs. 5A - 5C excepting that the 
spacers 2 have been removed, and the upper plate 
2 is fixed directly to the lower plate 1 . In this case, 
V-shaped groove 51 also functions as the sample 
inlet channel. In this type of reaction vessel, it is 
not possible to measure the quantity of particles 
sedimented, and only the particle distribution pat- 
tern can be observed. 

In the reaction vessel shown in Figs. 8A to 8C, 
a V-shaped groove is provided wherein the angle 
of slope of the sloping surface of the groove varies 
continuously. The angle of slope of the V-shaped 
groove varies continuously from a steep slope in 
part 81 of the groove, to a gentle slope in part 82 
of the groove. In this type of reaction vessel, the 
cohesive force may be measured. The particles will 
tend to remain on the wall surface where the slope 
is steeper when the cohesive force is stronger, so 
the more particles which have collected near part 
81 of the groove, the stronger the cohesive force. 

In the reaction vessel shown in Figs. 9 A - 9C, a 
groove 91 of which shape is half of V-shape is 
provided on lower plate 1. 

In the reaction vessel shown in Figs. 10A - 
10C, a V-shaped groove 101 is provided rectan- 
gularly to the sample inlet channel. 

In the reaction vessel provided with a groove 
instead of a recess on lower plate 1 , therefore, the 
groove need not necessarily be V-shaped, and 
may for example be U-shaped. 

Further, the number of recesses or grooves 
provided in reaction zone 5 need not be limited to 
one, and several grooves or recesses may be 
provided. By providing several recesses or 
grooves, several distribution patterns may be 
formed simultaneously, and the precision of mea- 
surement may thus be increased. 

We shall now describe some agglutination 
tests using the reaction vessel of this invention. 

Example 1 

Determination of Human ABO Blood Group 

We shall describe the determination of human 
ABO blood group using the reaction vessel of Figs. 
1A - 1C with reference to Fig. 11. 

First, a sample of blood Is separated into a 
blood cell component 13 and blood serum compo- 
nent 12 by centrifugation or another suitable meth- 
od. If the blood was treated with an anticoagulant 
such as hepalin, the blood serum component 12 
will be plasma. Next, 2 pi of the blood cell compo- 
nent 13 and 118 pi of a previously prepared solu- 
tion 15 are mixed in a test tube 17. and initially 



prereacted together. This solution 1 5 consists of an 
anti-A serum dilution prepared by diluting standard 
anti-A serum (Orso Co.) to 1/30 with physiological 
saline. After the preliminary reaction, 5 p% of blood 

5 cell suspension 16 are pipetted by means of pi- 
pette 18 into reaction zone 5 of reaction vessel 19. 
Using a reaction vessel wherein the distance be- 
tween lower plate 1 and upper plate 3 is 80 pm, the 
length of the sloping wall of conical recess 4 is 500 

io pm, and the depth of recess 4 is 250 pm, sedi- 
mentation of all human red blood cells on the 
bottom of recess 4 is complete in about 10 min- 
utes. After pipetting blood cell suspension 16, 
therefore, the reaction vessel is left in an incubator 

75 at 36 * C for about 1 0 minutes. 

After the reaction is complete, the reaction 
vessel 19 is transferred to the measurement area. 
The measurement area comprises a light source 
21 , and a microscope optical system 23 to observe 

20 the blood cell distribution pattern magnified, and it 
also has a photo sensor 24 to image the magnified 
blood cell distribution in the reaction zone. The 
occurrence or non-occurrence of an antigen-anti- 
body reaction is determined by magnifying the 

25 reaction zone 5 of reaction vessel 19 by means of 
optical system 23, and observing the blood cell 
distribution pattern. Alternatively, instead of observ- 
ing the pattern with the naked eye, the image 
obtained by photo sensor 24 may be analyzed by 

30 a computer to determine the occurrence or non- 
occurrence of the reaction. 

If the measured blood cell distribution has a 
pattern of the type shown in Fig. 2A, it indicates 
that there are A antigens on the surface of the 

35 blood cetls in the sample, and that the blood cells 
have agglutinated due to anti-A antibodies. If on the 
other hand the blood cell distribution has a pattern 
of the type shown in Fig. 2B, it indicates that there 
are no A antigens on the surface of the blood cells 

40 in the sample, and that the cells moved freely 
down the sloping walls of conical recess 4. 

The reactivity of the sample with respect to 
anti-B serum is measured in the same way, and 
from its measured reactivity with respect to anti-A 

45 serum and anti-B serum, the blood group of the 
sample can be determined. If the blood cells in the 
sample showed an antigen-antibody reaction with 
respect to both anti-A serum and anti-B serum, the 
blood group of the sample is AB; if there was a 

so reaction only with respect to anti-A serum, the 
blood group of the sample is A; if there was a 
reaction only with respect to anti-B serum, the 
blood group of the sample is B; while if there was 
no reaction to either serum, the blood group of the 

55 sample is O. 

The determination of blood group, which pre- 
viously required 60 minutes, can be accomplished 
in about 10 minutes using the reaction vessel of 
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this invention. 
Example 2 

Assay for Anti-HlV Antibody 5 



We shall describe an assay for anti-HIV anti- 
body using the reaction vessel of Figs. 1A - 1C. 

First, a sample of blood is separated into a 
blood cell component 13 and blood serum compo- 
nent 12 by centrifugation or another suitable meth- 
od. If the blood was treated with an anticoagulant 
such as hepalin, the blood serum component 12 
will be plasma. After separation, 2 ?l of the super- 
natant blood serum component 12 and 5 /il of a 
previously prepared solution 15 are mixed in a test 
tube 17. and initially prereacted together. This solu- 
tion 15 consists of sensitized particles diluted to 
1.0 %(v/v) with physiological saline, organically 
synthesized peptides having an identical amino 
acid sequence to HIV antigen being coated on the 
surface of these sensitized particles. The sensitized 
particles may consist of artificial particles of poly- 
styrene or gelatin which have been modified 
chemically, animal red blood cells fixated by 
glutaraldehyde or the like, or similar particles. The 
antigen used to sensitize the particles may be an 
inactivated virus, or a recombinant protein pro- 
duced by Escherichia coli or the like using gene 
manipulation techniquesTWhen the preliminary re- 
action is complete, 25 pi of a suspension of the 
sensitized particles is pipetted into reaction zone 5 
of reaction vessel 19 by means of pipette 18, and 
the suspension is incubated at room temperature 
for 10 min. 

After the reaction is complete, the distribution 
of particles which have sedimented in zone 5 of 
reaction vessel 19 is observed using the same 
method as in Example 1. If the measured particle 
distribution gives a pattern of the type shown in 
Fig. 2A, it indicates that there are anti-HIV anti- 
bodies in the serum of the sample, and that the 
particles have agglutinated due to the anti-HIV anti- 
bddies. If on the other hand the particle distribution 
gives a pattern of the type shown in Fig. 2B, it 
indicates that there are no antibodies in the sample 
reacting to the surface antigens of the sensitized 
particles. 

By varying the type of antigen coated on the 
particles, an assay may be carried out for viruses 
or bacteria other than HIV such as HTLV-1, HB or 
gonococcus. Further, using antibody-sensitized 
particles, an assay for antigen may be carried out 
for HBs, drugs or cancer markers. Further, if par- 
ticles of several different colors are made to com- 
bine respectively with different antibodies or anti- 
gens, and for example a color CCD camera is used 
as photo sensor 24, assays for several antibodies 



or antigens may be carried out in one operation. 

Whereas the assay for anti-HIV antibody using 
the conventional agglutination method required 120 
min, an assay can be carried out in 10 min using 
the reaction vessel of this invention. Moreover, the 
assay may be performed using less of the costly 
particle reagent than was previously required. 

Example 3 

10 

Direct Crossmatch Tes for ABO Group using a 
Reaction Vesserwith~Ahibodies previously coated 
thereon ~~ ~ ~~ — 

f5 Firstly, an antiserum with respect to A antigens 

on the surface of blood cells is coated in the 
recess 4 of a reaction vessel as shown in Figs. 1A 
- 1C using the method described below. 

Standard anti-A serum (Orso Co.) is diluted to 

20 1/10 with 10 mM Tris-HCl buffer solution, pH 9, 
containing 0.1 5M NaCl. 2 ^ tof the diluted solution 
is dropped to reaction zone 5 arranged on the 
polyethylene lower plate 1. After dropping, the 
diluted solution is. incubated at 37* C for 1 hour 

25 while maintaining humid conditions so that it does 
not dry out. The reaction zone 5 is then washed by 
dropping 1 fit of 10 mM phosphate buffer solution, 
ph 7.2, containing 0.1 5M NaCl. After removing the 
wash solution by gently shaking lower plate 1. 1 

30 ml of 10 mM phosphate buffer solution, pH 7.2, 
containing 3% (w/v) of bovine serum albumin and 
0.15 M NaCl are dropped in around reaction zone 
5, and the lower plate is incubated at room tem- 
perature while maintaining humid conditions for '1 

35 hour. By this procedure, the area of the reaction 
zone which adsorbs blood cells nonspecifically is 
blocked. After incubation reaction zone 5 is again 
washed using 2 ml of 10 mM phosphate buffer 
solution, pH 7.2, containing 0.15 M NaCl. If the 

40 lower plate is to be kept for a long period, 0.02% 
(w/v) NaNa is added to the final wash solution, and 
the lower plate is kept at 4* C after washing. More- 
over, in addition to lower plate 1 . upper plate 3 is 
also treated so that non-specific reaction with blood 

45 cells does not occur. This is done by leaving the 
upper plate 3 at room temperature for 1 hour in 10 
mM phosphate buffer solution, pH 7.2, containing 
3% (w/v) bovine serum albumin and 0.15 M 
NaClecand washing it with 10 mM phosphate buff- 
so er solution, pH 7.2, containing 0.15 M NaCl. If the 
upper plate is to be left for a long period, 0.02% 
(w/v) NaN 3 is added to the final wash solution, and 
the upper plate is kept at 4* C as in the case of the 
lower plate. In addition to this lower plate 1 and 

55 upper plate 3, the reaction vessel is assembled 
using 2 spacers 2 which are fixed by means of 
double-sided adhesive tape or adhesive. 

We shall now describe the direct crossmatch 
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test of ABO group using this reaction vessel 
wherein an antiserum has been coated. 

First, a sample of blood is separated into a 
blood cell component 13 and blood serum compo- 
nent 12 by centrifugation or another suitable meth- 
od. If the blood was treated with an anticoagulant 
such as hepalin, the blood serum component 12 
will be plasma. Next 2 /it of the sedimented blood 
cell component 13 and 198 pi of a solution 14 are 
mixed in a test tube 17 to prepare a 1% blood cell 
suspension. In this case, solution 14 is physiologi- 
cal saline. This blood cell suspension 16 is then 
introduced by means of a pipette 18 to reaction 
zone 5 of reaction vessel 19 wherein anti-A serum 
has been coated as described above. After pipet- 
ting, the vessel is incubated at about 36 *C for 10 
min, care being taken not to shake the vessel. 

After the reaction is complete, the distribution 
pattern of particles sedimented in reaction zone 5 
of reaction vessel 19 is observed using the same 
method as in Example 1. If there are A antigens on 
the surface of the blood cells in the sample, the 
cells combine with the anti-A serum that was coat- 
ed in the reaction vessel, and the blood cells are 
uniformly distributed practically all over reaction 
zone 5 including recess 4. The pattern which ap- 
pears in this case is therefore of the type shown in 
Fig. 2A. If on the other hand there are no A 
antigens on the surface of the cells in the sample, 
the blood cells do not combine with the anti-A 
serum coated in the reaction vessel, and the cells 
move freely down the sloping walls of conical re- 
cess 4. In this case, therefore, the distribution of 
blood cells gives a pattern of the type shown in 
Rg. 2B. In this way, from the difference in the 
distribution pattern after reaction, it is possible to 
determine the presence or absence of A antigens 
on the surface of blood cells in the sample. The 
presence or absence of B antigens on the surface 
of the blood cells may be determined in the same 
way by measuring the reactivity of the sample with 
respect to anti-B serum. 

From its measured reactivity with respect to 
aftti-A serum and anti-B serum, the blood group of 
the sample can be determined. If the blood cells in 
the sample showed an antigen-antibody reaction 
with respect to both anti-A serum and anti-B se- 
rum, the blood group of the sample is AB; if there 
was a reaction only with respect to anti-A serum, 
the blood group of the sample is A; if there was a 
reaction only with respect to anti-B serum, the 
blood group of the sample is B; while if there was 
no reaction to either serum, the blood group of the 
sample is 0. 

The determination of blood group, which pre- 
viously required 60 minutes, can be accomplished 
in about 10 minutes using the reaction vessel of 
this invention. 



Example 4 

Assay for Anti-HIV antibody using a Reaction Ves- 
sel withAntigens previously coated thereon 

5 

Assays for various antibodies can be carried 
out using a reaction vessel wherein antigens have 
been coated instead of the anti-serum used in 
Example 3. We shall describe an assay for anti-HIV 
70 antibody, using such a method with reference to 
Rg. 12. 

Firstly, using a similar method to that de- 
scribed in Example 3, HIV antigens are coated in 
the reaction zone 5 of the reaction vessel. The HIV 

15 antigens coated in the reaction vessel may be 
chemically synthesized HIV virus surface antigens, 
HIV recombinant proteins produced by Escherichia 
coli, or the HIV virus itself. 

Next, a sample of blood is separated into a 

20 blood cell component 13 and blood serum compo- 
nent 12 by centrifugation or another suitable meth- 
od. If the blood was treated with an anticoagulant 
such as hepalin, the blood serum component 12 
will be plasma. 2 utof the serum component ob- 

25 tained was removed in a test-tube 17, then 18 /tl 
of physiological saline was added and mixed with 
it. 5 ? * of this diluted serum solution 26 was 
pipetted by means of pipette 18 to a reaction 
vessel 19 wherein HIV antigens had been coated. 

30 After pipetting, the reaction vessel was incubated at 
37* C for 2 min (27). Following the reaction, phys- 
iological saline for washing was introduced by noz- 
zle 28 into reaction zone 5 of reaction vessel 19, 
and waste liquid was aspirated simultaneously by 

36 nozzle 29 from the opposite side. By this proce- 
dure the reaction zone 5 can be washed, and the 
serum component which did not react with the 
antigen coated in reaction vessel 19 can be 
washed out. 

40 Next, 5 pi of particle reagent 31 to which goat 

anti-human antibodies had been coated, was pipet- 
ted by means of pipette 32 into the reaction vessel, 
and the vessel was incubated at 37 *C for 10 min. 
The anti-human antibodies used here may also be 

45 monoclonal antibodies derived from mouse or the 
like, or a substance such as protein A which binds 
to antibodies. Further, the particles on which the 
antibodies are coated may be red blood cells fix- 
ated by glutaraldehyde or the like, or synthetic 

50 particles such as polystyrene. 

After the reaction is complete, the particle dis- 
tribution is observed by the same method as that 
of Example 1. If there are antibodies against for 
HIV in the serum of the sample, they combine with 

55 the HIV antigens coated in the reaction vessel, and 
the particles to which anti-human antibodies have 
been coated combine with the antibodies which 
have combined with the antigens. The particle dis- 
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tribution is therefore of the type shown in Rg. 2A. If 
on the other hand there are no HIv antibodies in 
the serum of the sample, the particles roll freely 
down the sloping walls of recess 4 of the reaction 
vessel without causing any reaction. The particle 
distribution is therefore of the type shown in Rg. 
2B. 

By varying the type of antigen coated in the 
reaction vessel, antibodies against for viruses other 
than HIV such as HTLv-1 or HTLv-ll or for bacteria 
may also be detected. 

The antibody usually has 2 - 10 antigen bind- 
ing sites. Particles to which the same antigen has 
been coated as the antigen coated in the reaction 
vessel, may therefore also be used as particle 
reagent 31. 

Claims 

1. A reaction vessel for carrying out agglutination 
reactions characterized in that said reaction 
vessel comprises a sample inlet channel (5) of 
cross-sectional area sufficient to aspirate the 
sample into the interior of the reaction vessel 
by capillarity, a recess (4) in the inner wall of 
said Inlet channel (5), and a transparent plate 

(3) with a flat surface opposite said recess (4). 

2. A reaction vessel according to claim 1, char- 
acterized in that said sample inlet channel (5) 
is a space formed by a lower plate (1) on 
which said recess (4) is formed, a transparent 
plate (3) arranged opposite said recess (4), 
and spacers (2) inserted between said lower 
plate (1) and said transparent plate (3). 

3. A reaction vessel according to claim 1, char- 
acterized in that several recesses are formed 
on the inner wall of said sample inlet channel 
(5). 

4. A reaction vessel according to claim 1, char- 
acterized in that the shape of said recess (4) is 

* conical or hemispherical. 

5. A reaction vessel according to claim 1, char- 
acterized in that antigens or antibodies have 
been coated on the inner walls of said recess 

(4) . 

6. A reaction vessel for carrying out particle ag- 
glutination reactions characterized in that said 
reaction vessel comprises a sample inlet chan- 
nel (5) of cross-sectional area sufficient to as- 
pirate the sample into the interior of the reac- 
tion vessel by capillarity, a groove (51) on the 
inner wall of said inlet channel (5), and a 
transparent plate (3) with a flat surface op- 



posite said grooves (51). 

7. A reaction vessel according to claim 6, char- 
acterized in that said sample inlet channel (5) 

5 is a space formed by a lower plate (1) on 

which said groove (51) is formed, a transparent 
plate (3) arranged opposite said groove (51), 
and spacers (2) inserted between said lower 
plate (1) and said transparent plate (3). 

w 

8. A reaction vessel according to claim 6, char- 
acterized in that several grooves are formed on 
the inner wall of said sample inlet channel (5). 

75 9. A reaction vessel according to claim 6. char- 
acterized in that said groove (51) has a U- 
shaped, V-shaped or its analogous cross-sec- 
tion. 

20 10. A reaction vessel according to claim 6, char- 
acterized in that said groove (51) has a V- 
shaped cross-section, and the slope angle of 
the inner surface of said groove (51) varies 
continuously. 

25 

11- A reaction vessel according to claim 6, char- 
acterized in that antigens or antibodies are 
coated on the inner surface of said grooves 
(51). 

30 

12. A reaction vessel for detecting agglutinated 
particles produced by immunological reactions 
characterized in that said reaction vessel com- 
prises a sample inlet channel (5) of suitable 

35 cross-sectional area for aspirating samples by 

capillarity into the reaction vessel, a recess (4) 
with sloping walls on the inner wall of said 
sample inlet channel (5) which functions as a 
region for forming an agglutination pattern, and 

40 a transparent plate (3) with a flat surface ar- 

ranged opposite said recess (4), the distance 
between said transparent plate (3) and said 
recess (4) being sufficient to retain the sample 
by means of surface tension. 

45 
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